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Method of manufacturing a semiconductor device 



The invention relates to a method of manufacturing a semiconductor device, in 
which on a region of silicon oxide situated next to a region of monocrystalline silicon at a 
surface of a semiconductor body, a non-monocrystalline auxiliary layer is formed. 

Said region of silicon oxide may in this case be, for example, a layer of silicon 
5 oxide situated on the semiconductor body or a silicon oxide region, such as a field insulation 
region, recessed in the semiconductor body. 

The auxiliary layer is useful, in particular, in processes where a silicon- 
containing layer is deposited and where it is desirable that this layer grows as a 
monocrystalline layer on the region of monocrystalline silicon, and as an amorphous or 
10 polycrystalline layer on the region of silicon oxide. Said auxiliary layer enhances the growth 
of the silicon-containing layer on the region of silicon oxide, as a result of which the 
deposition process can be carried out at such a low temperature that it is precluded that in the 
course of this deposition process, atoms of dopants provided in the active regions move as a 
result of diffusion. This is important, in particular, for the manufacture of semiconductor 
15 devices with extremely small transistors. 

The silicon-containing layer may be a layer that contains only silicon, but it 
may also be a layer that, in addition to silicon, contains germanium. Said silicon-containing 
layer may also comprise sub-layers which are deposited one on top of the other, one sub- 
layer comprising, for example, only silicon and the other sub-layer comprising, in addition to 
20 silicon, germanium. Moreover, the layer or one or more of the sub-layers may be doped with 
atoms of a customary dopant. 

In the monocrystalline silicon-containing layer formed on the region of 
monocrystalline silicon, for example, the base of a bipolar transistor may be formed, which 
base can be electrically contacted by the adjoining amorphous or polycrystalline layer formed 
25 on the regions of silicon oxide. 



WO 00/17423 describes a method of the type mentioned in the opening 
paragraph wherein a layer of silicon nitride is used as the auxiliary layer. Said auxiliary layer 
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is provided by covering the entire surface of the silicon body, on which border regions of 
monocrystalline silicon, here active semiconductor regions, and regions of silicon oxide, here 
field insulation regions, with a layer of silicon nitride, after which a photoresist mask is 
provided having windows within which the active regions are not covered, and by 
5 subsequently etching away the parts of the silicon nitride layer that are not covered by the 
photoresist mask. Next, a layer of silicon is deposited on the surface, which silicon layer 
grows as a monocrystalline layer on the region of monocrystalline silicon, and as a 
polycrystalline layer on the region of silicon oxide. 

In order to use the surface of the silicon body as efficiently as possible, it is 
10 desirable to completely etch away the silicon nitride auxiliary layer from the active regions; 
otherwise these regions would not be covered throughout their surface area with a 
monocrystalline layer. When the photoresist mask is provided, aligning tolerances must be 
taken into account, so that the photoresist mask must be provided with windows that are 
larger than the active regions. As a result, an edge of the field insulation regions which 
1 5 borders directly on the active regions is not covered either by the photoresist mask and hence 
the auxiliary layer is also removed from this edge. During the deposition of the silicon layer, 
the growth at the location of this edge will lag, in this prior-art method, as a result of which a 
thinner or even interrupted layer of monocrystalline material may be formed at the location of 
this edge. Prior to the deposition of this layer of silicon, a HF etch step will be carried out in 
20 practice to clean the surface of the active region. Due to this etch step, also said uncovered 
edge of the field insulation regions will be etched, as a result of which a groove is formed at 
said location. This groove too adversely affects the connection between the monocrystalline 
layer and the non-monocrystalline layer. At the location of the edge, an undesirable, poor 
electric contact can thus develop between the monocrystalline layer and the non- 
25 monocrystalline layer. 



It is an object of the invention to obviate these problems. For this purpose, the 
method in accordance with the invention is characterized in that the auxiliary layer is formed 
30 in two process steps, in which, in the course of the first process step, a layer of arsenic is 
formed on the region of monocrystalline silicon by heating the semiconductor body in an 
atmosphere with an arsenic compound, and, in the course of the second process step, a layer 
of non-monocrystalline silicon is formed as an auxiliary layer on the region of silicon oxide 
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by heating the semiconductor body in an atmosphere comprising a gaseous silicon compound 
instead of a gaseous arsenic compound. 

During the first step, wherein a layer of arsenic is formed on the region of 
monocrystalline silicon by heating the semiconductor body in an atmosphere with an arsenic 
compound, no arsenic is deposited on the region of silicon oxide. The process stops 
automatically when a closed monoatomic layer of arsenic has formed on the region of 
monocrystalline silicon. During the second step, in which a layer of non-monocrystalline 
silicon is formed as an auxiliary layer on the region of silicon oxide by heating the 
semiconductor body in an atmosphere without gaseous arsenic compound but with a gaseous 
silicon compound, the deposition of an amorphous or polycrystalline layer of silicon on the 
region of silicon oxide starts immediately, while during a certain nucleation time, no 
deposition takes place on the arsenic-covered region of monocrystalline silicon. An auxiliary 
layer of amorphous or polycrystalline silicon can thus be formed in a self-aligning manner, 
which completely covers the silicon oxide region and leaves the monocrystalline silicon 
region completely exposed. If a silicon-containing layer is subsequently deposited on a 
surface thus prepared, then growth starts immediately on the monocrystalline silicon region 
as well as on the silicon oxide region. The monocrystalline and non-monocrystalline layers 
then deposited blend seamlessly. 

A simple method is obtained if during the formation of the auxiliary layer, the 
semiconductor body is heated during the first process step in an atmosphere comprising, in 
addition to the gaseous arsenic compound, the gaseous silicon compound used during the 
second process step. In this case, after the first step only the supply of gaseous arsenic 
compound has to be stopped. Surprisingly, it has been found that this silicon compound does 
not influence the formation of the layer of arsenic. 

Preferably, during the formation of the auxiliary layer, the second process step 
is ended before deposition from the silicon compound takes place on the arsenic layer formed 
on the regions of monocrystalline silicon. In this case, the deposition process of the auxiliary 
layer is stopped before the nucleation time has ended. After this nucleation time, a layer starts 
forming also on the regions of monocrystalline silicon. These must be etched away since they 
would hamper the growth of monocrystalline silicon. It is simpler to stop the deposition 
process in time, i.e. within said nucleation time. 

If, during the formation of the auxiliary layer the semiconductor body is 
heated during both process steps at a temperature in the range between 400 and 600 °C in an 
atmosphere with a pressure below 500 mTorr, then the above-mentioned nucleation time is 
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more than approximately 5 minutes, during which period of time an approximately 10 ran 
thick auxiliary layer of low-amorphous silicon can be formed. 

After the formation of the auxiliary layer, the monoatomic layer of arsenic can 
be removed before a silicon-containing layer is deposited. Surprisingly, it has been found, 
5 however, that by heating the semiconductor body in an atmosphere with a silicon compound, 
a silicon-containing layer can be deposited on the layer of arsenic and the adjacent auxiliary 
layer of non-monocrystalline silicon without the growth of such a layer being adversely 
affected by the presence of the layer of arsenic. It has also been found that a layer of Sii. x Ge x , 
where 0.05 < x < 0.20 and to which less than 0.2 at.% carbon has been added, can be directly 

10 deposited on the layer of arsenic and the adjoining auxiliary layer by heating the 

semiconductor body in an atmosphere with a silicon compound and a germanium compound. 

If, for the manufacture of the auxiliary layer, an n-type semiconductor zone is 
formed in the region of monocrystalline silicon, then the arsenic layer is formed on the n-type 
semiconductor zone. As a result, a semiconductor zone is formed having a relatively heavily 

15 doped surface. This is advantageous, in particular, if an n-type collector zone of a bipolar 

transistor is formed in the regions of monocrystalline silicon and, in the monocrystalline layer 
deposited thereon, a p-type base zone of this transistor is formed. In absolute terms, the p- 
type base zone is more heavily doped than the n-type collector zone formed in the active 
regions. By virtue of the presence of the arsenic layer at the surface of the collector zone it is 

20 achieved that the pn-junction will be situated between collector and base in the deposited 
monocrystalline layer. Without said arsenic layer, this pn-junction would be formed below 
the deposited monocrystalline layer in the collector zone, as a result of which a thicker base 
and hence a slower transistor would be formed. 



25 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiment(s) described hereinafter. 
In the drawings: 

Figs. 1 through 8 are diagrammatic, cross-sectional views of a few stages of 
30 the manufacture of a semiconductor device with a bipolar transistor that is manufactured by 
means of the device in accordance with the invention. 
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Figs. 1 through 8 are diagrammatic, cross-sectional views of several stages in 
the manufacture of a semiconductor device with a bipolar npn-transistor. For simplicity, the 
Figures merely show the manufacture of a single transistor. It will be understood that, in 
practice, a semiconductor device with an integrated circuit may comprise very many such 

5 transistors as well as transistors of different types. 

A semiconductor body of silicon 1 is taken as a basis, which as shown in Fig. 
1 is provided with an epitaxially grown layer 2 that is n-type doped with approximately 
5.10 15 atoms per cc. A region of monocrystalline silicon, here an active region 4, and silicon 
oxide regions, here field insulation regions 5, bordering on said active region 4 are formed in 

10 said layer 2 so as to border on a surface 3 thereof. Furthermore, a buried layer 6 that is n-type 
doped with approximately 10 20 atoms per cc and a contact zone 7 bordering on the surface 3 
and n-type doped with approximately 10 19 atoms per cc are formed in a customary manner. In 
the active region 4 there is further provided a deep n-type doping with approximately 10 18 
atoms per cc (not shown). This reaches as far as the buried layer 6 but leaves the doping of 

15 the epitaxially formed layer 2 unchanged near the surface 3. This doping serves to improve 
the contacting to the transistor's collector to be formed near the surface 3. 

As will be described hereinbelow, a silicon-containing layer will be deposited 
on the surface 3, which silicon-containing layer grows in a monocrystalline manner on the 
monocrystalline active region 4 and in a non-monocrystalline (amorphous or polycrystalline) 

20 manner on the insulation regions 5. In addition to silicon, this layer may also comprise 

germanium. This layer may further comprise sub-layers deposited one on top of the other, in 
which case, for example, one sub-layer comprises only silicon and the other sub-layer 
comprises silicon and germanium. 

Prior to the deposition process, an auxiliary layer 8 is formed on the insulation 

25 regions to enhance the growth of the silicon-containing layer there. By virtue of said 
auxiliary layer 8, the deposition process can be carried out at a comparatively low 
temperature below 700 °C. It is thus precluded that atoms of dopants provided in the active 
regions migrate as a result of diffusion, as would occur, for example, in the case of the n-type 
doping provided in the active region 4 to improve the contacting to the collector zone to be 

30 formed. 

The auxiliary layer 8 is formed in two steps by means of a customary LPCVD 
process at a temperature between 400 and 600 °C and a pressure below 700 mTorr, in this 
example a temperature of 550 °C and a pressure of 600 mTorr. During the first process step, 
the semiconductor body 1 is heated in an atmosphere comprising a gaseous arsenic 
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compound and, in this example, also a gaseous silicon compound, and during the second step 
it is heated in an atmosphere without gaseous arsenic compound but with the same gaseous 
silicon compound as during the first step. In this example, the slice 1 is placed in a reaction 
chamber through which, during the first step, a gas mixture is passed for three minutes which, 

5 as well as a non-reactive carrier gas such as nitrogen, comprises arsine and silane, and during 
the second step, a gas mixture comprising, in addition to a non-reactive carrier gas, only 
silane is passed through said reaction chamber for approximately 10 minutes. 

During the first step, the gas mixture that is passed through the reaction 
chamber would not have to contain a silicon compound. This compound, however, does not 

10 influence the deposition of arsenic. In this example a simpler deposition process has been 
chosen in which, after the first step, the supply of the arsenic compound only has to be 
stopped. 

During the first step, a layer of arsenic forms on the monocrystalline silicon of 
the active region 4 and the contact region 7, as schematically indicated in Fig. 2 by means of 

15 dashed line 9, while no arsenic is deposited on the insulation regions of silicon oxide 5. This 
process stops automatically when a closed monoatomic layer of arsenic has formed in 
approximately 3 minutes on the active region 4 and the contact region 7. During the second 
step, the deposition of amorphous silicon on the insulation regions 5 starts immediately, 
while during a certain nucleation time of approximately 10 minutes, no deposition takes place 

20 on the arsenic-coated active regions 4 and 7. In this manner, the auxiliary layer 8 is formed 
only on the insulation regions 5 in a self-aligning manner. 

The second step is terminated prior to the deposition of silicon on the arsenic 
layer 9 formed on the active region 4 in the first step. The deposition process of the auxiliary 
layer is then stopped before the nucleation time has ended. After this nucleation time a layer 

25 of amorphous silicon starts forming also on the active regions. Within said ten minutes of 
nucleation time, as shown in Fig. 3, an approximately 10 ran thick auxiliary layer of 
amorphous silicon is formed on the insulation regions 5. 

After the formation of the auxiliary layer 8, a silicon-containing double layer 
10, 1 1 and 12, 13 is deposited, as shown in Fig. 4, in a customary manner at a temperature 

30 below 700 °C and a pressure below 50 Torr. In this example, first an approximately 35 ran 
thick layer 10, 1 1 of Sii. x Gex, where 0.05 < x < 0.20, to which less than 0.2 at.% carbon is 
added, is deposited. For this purpose, the silicon body is placed in a reaction chamber through 
which a gas mixture is passed comprising, in addition to a non-reactive carrier gas, silane, 
germanium and carbon dioxide. After some time, diborane is added to this gas mixture for a 
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short period of time. A layer 10, 1 1 is thus deposited which, as indicated by means of a 
dashed line 12, is provided with an intermediate layer which is p-type doped with boron ions. 
A monocrystalline layer 10 is formed on the active region 4; a polycrystalline layer 1 1 is 
formed on the auxiliary layer 8 formed on the insulation regions 5. A monocrystalline layer 

5 10 is formed also on the contact regions 7. 

After the deposition of the layer 10, 1 1 of Sii. x Ge x , an approximately 30 nm 
thick layer 13, 14 of silicon is subsequently deposited in this example. For this purpose, a gas 
mixture comprising, in addition to a non-reactive carrier gas, silane is passed through the 
reaction chamber. On the monocrystalline layer 10 formed on the active regions 4, a 

10 monocrystalline layer of silicon 13 is formed, and on the polycrystalline layer 1 1 formed on 
the auxiliary layer 8, a polycrystalline layer of silicon 14 is formed. On the monocrystalline 
layer 10 formed on the contact regions 7, also a monocrystalline layer of silicon 13 is formed. 

The growth on the active regions 4 and the insulation regions 5 starts at the 
same time. The monocrystalline layer 10 and non-monocrystalline layer 1 1 thus formed are 

15 deposited in a substantially equal thickness and thus blend seamlessly. Also the layers 13 and 
14 formed thereon blend seamlessly. 

On the layers 10, 13,11,14 thus deposited, a layer of silicon oxide 15 is 
deposited, as shown in Fig. 5, wherein a window 16 is etched in a customary manner at the 
location of the active region 4, within which window the deposited layer of monocrystalline 

20 silicon 1 1 is exposed. On the layer of silicon oxide 15, a conductor track 17 of n-type doped 
polycrystalline silicon is subsequently provided, which contacts the layer 13 through the 
window 16. Next, as shown in Fig. 6, the insulating layer of silicon oxide 15 is etched away, 
using the conductor track 17 as a mask, and boron ions are implanted in the silicon layer 13, 
14, as indicated by means of a dashed line 18, using the conductor track 17 as a mask. 

25 As shown in Fig. 7, the deposited layers 10, 11,13, 14 are subsequently 

patterned in a customary manner. Above the active region 4 and above an edge of the 
insulating regions 5 bordering on said region, the layers 10, 1 1, 13, 14 are maintained, while 
they are removed from the surface 3 at locations next to said edge. 

During a short thermal treatment of the slice, in this example the slice is 

30 heated at 900 °C for 30 seconds, a base zone 19 and a base connection 20, as shown in Fig. 8, 
are formed by diffusion of, respectively, the ions 12 and 18 provided in the layers 10, 11,13, 
14. By diffusion of doping atoms from the conductor track 17, an emitter zone 21 is formed 
in the layer of monocrystalline silicon 13. The part of the active region 4 situated just below 
the surface 3 forms the collector zone 22 of the transistor. The conductor track 17, the base 
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connection zone 20 and the contact zone 7 are provided with a top layer of titanium 
disilicide, not shown, after which a relatively thick layer of silicon oxide 23 is deposited on 
the structure thus formed, as shown in Fig. 8, in which windows 24, 25 and 26 are 
subsequently formed for contacting, respectively, the base zone 19 (via the base connection 
5 zone 20), the emitter zone 21 and the collector zone 22 (via the buried layer 6 and the contact 
zone 7). 

After the formation of the auxiliary layer 8, but before the deposition of the 
silicon-containing double layer 10, 11; 13, 14, the monoatomic layer of arsenic 9 can be 
removed. This does not take place in this example. The silicon-containing double layer 10, 

10 1 1 ; 13, 14 is deposited on the monoatomic arsenic layer 9. As a result, the active region 4 
bordering on the surface 3 and forming the collector zone 22 of the transistor obtains a 
comparatively high n-type doping. In absolute terms, the p-type base zone 19 is higher doped 
than the n-type collector zone 22. By virtue of the presence of the arsenic layer at the surface 
of the collector zone 22, it is achieved that the pn junction between collector and base will be 

15 situated in the base zone 19 formed in the silicon-germanium layer 10. Without said arsenic 
layer 9, this pn junction would be formed in the collector zone 22, resulting in the formation 
of a thicker base and hence a slower transistor. 



